The mucosa of the respiratory tract, if desquamated by injury or infection, regenerates rapidly. The purpose of the present study is to demonstrate the morphological process of early stage respiratory mucosal regeneration in rats.
Introduction
"The wound healing process" is o ne of the oldest study themes for surgeons. Yet, there remain many unknown aspects of the healing process.
As otolaryngologists, we 569 31 frequently observe that the respiratory tract mucosa, if desquamated by injury or infection, regenerates again rapidly. There have been numerous of morphological (especially electron microscopic) studies dealing with the healing of injured respiratory tract mucosa; however, these studies are mainly concerned on the epithelium.
The purpose of this study is to observe the early stage of the morphological processes of mucosal regeneration in the injured respiratory tracts of rats. Both the epithelia and the submucosal vascular networks of rat tracheas were studied.
Materials and Methods
The animals used were 60 adult albino rats of both sexes, weighing 200 g each. 6
rats were used as controls.
In 54 rats, the anterior and both lateral mucosal walls of the tracheas were removed by curetting. During the 12 hours following the treatment groups of 6 rats were sacrificed and each group was separated into a group of 4 and a pair. Each group of 4 rats was used for TEM study of the tracheal mucosa, as follows. In due time course, the area of the migrating epithelial cells increased. The number of immature ciliated cells and of immature secretory cells within the migrating epithelial cells also increased. No increase in mitosis was observed in the migrating epithelial cells or in the surviving epithelial layer from 1 to 12 hours after curetting.
The reconstruction of the vascular network of the submucosal layer
The submucosal vessels of a normal trachea in the rats consisted of veins, capillaries and arteries. These vessels anastomosed with each other and formed regularly-arranged vascular networks with longitudinally-oriented meshes. The capillaries were arranged at the superficial layer, the veins were arranged at the inner layer, and the arteries ran through the venous plexuses, dividing into smaller arterioles , anastomosed with the capillaries and veins. Within 1 hour and 30 minutes after curetting, the healing process of the injured vascular network had already begun. One hour and 30 minutes after curetting, the injured blood vessels had stopped hemorrhaging and formed terminal "blind" branch vessels consisting mainly of capillaries and veins. Three hours and 30 minutes after curetting, many "bud-like-processes" were observed at the floor and margin of the curetted wound. These processes germinated from the intact capillaries and veins . With the time course, the "bud-like-processes" increased in number , and some of them grew into new terminal "blind" branch capillaries. On the other hand , punctured "bud-likeprocesses" were sometimes observed as well. Six hours after curetting some of the terminal "blind" branch capillaries anastomosed with neighboring capillaries and veins .
Twelve hours after curetting the new terminal "blind" branch capillaries and the new terminal "blind" branch veins had extended. The anastomosis of the regenerating vessels increased in number, and locally the formation of the new vascular network was observed , though the arrangement of the vessels was irregular.
No increase in mitosis was observed in the walls of the vessels or other connective tissue cells , at either the curetted area of the non-curetted area, from 1 to 12 hours after curetting .
Discussion
In general, regeneration of epithelial tissues is characterized by cycles of three processes : cell migration, proliferation, and differentiation . Authors have reported that in the respiratory tract the regeneration of an injured pseudostratified ciliated epithelium begins first with migration ; next proliferation occurs, and finally differentiation occurs .
These processes progress regularly, and regeneration is completed by the repetition of these processes.
In our recent observations during 12 hours following curetting , the regeneration of the epithelial cells was certainly due to the migration of the surviving epithelial cells ; and, these migrating epithelial cells consisted mainly of the basal cells.
However, these migrating epithelial cells contained some immature ciliated cells and some immature secretory cells during the whole course of observation. Therefore, it can be assumed that among the basal cells of the migrating epithelial cells, there are basal cells which have decided the course of their differentiation before migration begins. And, in the early stage of the regeneration of the injured tracheal epithelium, both migration and differentiation are progressing simultaneously.
Although there are some reports on the vascular networks of both the respiratory tract mucosa and other organs in normal and abnormal conditions morphologically, there is no report on the reconstruction of the injured vascular network of the respiratory tract mucosa without other organs. The morphological study of the reconstruction of injured tracheal mucosal vascular networks at an early stage is probably the only recent observation. The formation of terminal "blind" branch vessels was the first reaction of the injured vascular network. These "blind" branch vessels suggest a complete stopping of hemorrhage. Next, many "bud-like-processes" appeared at the floor and margin of the wound. These processes germinated from the intact capillaries and veins. These "budlike-processes" were probably the earliest stage of the regenerating capillaries. Punctured "bud -like-processes" were sometimes observed as well. It can be speculated that the puncture of "bud-like-processes" is an artifact, probably caused by the high pressure of infusion and by the weakness of the walls of the "bud-like-processes". In general, walls of injured vessels are repaired with neighboring endothelial cells, free mesenchymal cells (fibroblasts, histiocytes and others), and intravascular elements. In our recent observation, the "bud-like-processes" and the new "blind" branch vessels were surrounded by endothelial cells and basal lamina ; but, sometimes there were gaps along the endothelial cells of the walls of the "bud-like-processes". It can be concluded that at an early stage (from 1 to 12 hours after curetting), the walls of the "bud-like-processes" and of the new "blind" branch vessels consist only of the migrating endothelial cells from the surviving vessel walls. (Received for publication, February 17, 1984) 
